e

Coastal Zone
-Information
. Center.

~CHANGES DUE TO JETTIES AT
| TILLAMOOK BAY, OREGON

%ﬁ, i%‘%\g’ﬁ%homas ANTﬁ'nc‘h () % ig (7

g Reprmted by the Amer. SOc Civ. Eng
- Proc: 15th Coastal Eng Conf., ‘Ch. 104
G 1791 181150 g :

| GC
1 57.2
| no.77-016 OREGONSTATE
. SEAGRANT .
- COLLEGE PROGRAM

S Reprlnt no. ORESU R-77-016 -




11196

Reprmted by the American- Soc1ety of
Civil' Engineers from'the Proceedings of
thé 15th Coastal Engineering Conference,

Honolulu, Hawaii, July 11-17, 1976

_CHAPTER 104

CHANGES DUE TO JETTIES AT TILLAMOOK BAY, OREGON

o  > S ABSTRACT

S Bayocean Sp1t, separatlng TilTamook Bay from ‘the Pacific Ocean on
the north Oregon coast, underwent severe:erosion following construction

of a north jetty at . the:bay entrancefih 1914-17. This. erosion ultimately
led “to. the complete bréachihg of the spit in 1952. ~Simultaneous to

the 'spiterosion: south of the entrance, the shoreline north of the narth
Jjetty-advanced seaward by some 600 m {2000 ft).: This pattern of erosion
and depbsition fo]]owihg jetty construction has generally been interpreted
as the jetty blocking a 1argé north to south net littoral drift in the
‘area, estimated by a previous study at 620,000 m®/yr (800,000 yd?/yr).
Our: reexaminafion of “the shore]iné changes and‘pattefns of erosion and
depos1t10n f0110w1ng Jetty construction .disagrees with this. interpretation,
and “instead we" ‘conclude: that all of the changes resulted from local
rearrangements of the beach due to the disrupted equ111br1um following
Jetty :construction, but at the same time maintaining-an:-overall condition
‘of zero net-Tittoral dr1ft. This interpretation is supported by other
_evidence ‘that indicates a near—zerb’nétvdrift on this portion of the -

: Oregon coast.” Thus severe. coastal evosion can result from jetty con-
struction even_in areas of zero net Tittoral drift. '

' “A new.south Jetty has been recently comp]eted (1974). The result

“'has -been further rea11gnments of the shoreline w1th accretion and shore-

 11ne advance. immediately south: of the south jetty. This provides
,'further conf1rmat1on that a.zero net 1ittoral. drift exists in the area.
: Th1s study a]so demonstrates. the effects of building. onTy a single
;Jetty rather than a pair. of 3ett1es F0]10w1ng construction. of the-north
jetty, the outer bar,or‘ebb tide delta at the Tillamook Bay inlet grew
i ‘?pbréciébly in size. Sand -deposited there came from erasion of Bayocean
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Spit further to the éouth. Thé:shoalfgrbwth‘puéhed the maintchanné1
-at the entrance against the nbrth jetty‘Where it has remained since’
jetty completion. In the proéess,'thé‘chahnel became much deepér and
narrower than the channel geometry prior. to Jjetty constructidn.

INTRODUCTION

Bayocean Sp1t on the northern Oregon ‘coast, about 80 km (50 m1]es)
south. of the Columbia’ R1ver, separates. Tillamook Bay from the Pacific ‘
Ocean (Figure-1). “This spit has .had along ‘history of development and
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Figure:1: T111ambok Bay éhd Bayocean Spits
erosion. . The development and u1t1mate f1nanc1a1 fa11ure of Bayocean Park,‘fb
a resort community built on’ the sp1t ear]y 1n this century, has. béen s
d1scussed by Ter1ch and Komar (1974). The final demise of the commun1ty
resulted from eros1on to the sand spit fol]ow1ng construct1on of a north
Jetty at the Tillamook Bay entrance 1n 1914- 17 Erosion: over some ‘

o
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thirtyéfive years:progressively narrowed- the épit, and in 1952 it was
“breached at its narrowest point:. .This breach has been subsequéntly:
repaired by the construction: of a dike, and recently a new south jetty
‘has’ been -constructed. VThé-pukpose“of the- present: paper is.to analyze
the shorelinechanges: that resulted from the jetty‘cdnstruction and led
to" the erosion of Bayocean Spit.v This example of shoreline erosion
resulting fromijetty construction is unusual in that,; as will be shown,
. this area of the Oregon:-coast has a zero or near-zero net littoral drift
along its beaches.  Thus the shoreline changes and erosion are not thé
‘more‘fAmi1iar case of-jetties blocking-a net-littoral drift, causing.
ergsion~in the downdrift direction. . This. study also’ demonstrates the

resu1ts of constructing.only a s1ng1e Jetty under - such conditions,
7rather than a-pair of Jett1es :

LITTORAL DRIFT ON THE OREGON COAST

w1th the exception of the sect1on of coast near the mouth of the
Columbia R1ver, the Oregon coast is a: series of Tong pocket.beaches
vseparated«by‘pronounced rocky headlands.: Al1 evidence indicates that
these areas,ére experiéncing;a seasonal reversal- in the sand drift
a1ong‘the‘beé¢hes, but with:a zero or near-zero net: 1ittoral drift over
a several years:time span. ‘This is best demonstrated by the effects of

--jetty-construction on patterns of shoreline. erosion and accretion.

" The ‘study of-Komar; et al. (1976). investigated these, patterns for all
Jetty systems on:‘the Oregon coast with:the exception of the Columbia
River jetties. ' Qur study found: that following jetty construction,
sand would ‘in general accumulate adjacent:to the jetties, both to the
north and"south, filling in the pockets: formed between :the jetties and
the pre-jetty'shorélines=which curved’ihward at ‘the entrances. Our
study ‘showed: that the amount of deposition adjacent to the jetties
depended ‘on-'the sizes:of the. pockets formed*by the jetty construction:
Deposition‘common1y=occurred both north ‘and .south . of the jetty systems,
and the relative amounts of shoreline accretion on opposite sides .of
the jetties could in no way be taken. as infering a net littoral drift
along the coast. Sand for this ‘shoreline advance next to the jetties
came -from-erosion 'of ‘the coast at greater distances from the jetties.
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The shoreline a]terations'tollowing’jetty constriction: contfnued until oo
the shoreline became essentially stra1ght and-‘parallel"to-the preva111ng;'
. Wave crests, at -which po1nt zero net ‘sand, transport was again: ach1eved
and a-new-equilibrium reached. ~ As will“be shown:in. thi's paper, this.
pattern-of deposition: adaacent to.the: Jett1es and erosion at i greater
distances a]ong the coast also, explains the shore11ne a]terat1ons at
the T11]amook Bay entrance that Ted to the destruct1on of:: Bayocean Spit.
The pattern of changes there; however, was comp11cated by the:fact that
only a north jetty was constructed: 1n1t1a11y, not a pair of. jetties.
Deposition:around Jett1es therefore 1nd1cates that, except near:
the Columbia River; the: Oregon coast beaches’ have, ‘as'close, as-we can.
determine; a Tong ‘term zero net. Tittoral drift.. This is a1so supported
by observations that there is a seasona] reversal. 1n the genera] transport
directions due to-.the patterns of storm systems.. Dur1ng the summer
-months waves: prevail from the northwest caus1ng a souther]y sand’
transport :along Oregon beaches Durlng the winter months the transport
is to themorth due to waves arriving mainly: from the ‘southwest.. The
wave datais 1nadequate, however;' to actually carry out -any: calculat1ons
of Tittoral drift rates in“an. attempt to-demonstrate:a zero net drift.
Similar: to:the ‘jetties,-the rocky headlands. show no 1nd1cat1ons
of blockage of a-net: littoral dr1ft there: being no accumu1at1ons of
beach sand either to the north orxsouth sides. What 11tt1e study: that
- has been ‘done of heavy minerals. in the beach sands also’ 1nd1cates that.
‘there is no bypass1ng of Tittoral sands. around these’headlands,  which
is reasonable considering their ‘sizes and that: they ‘extend - t0~cons1derabTe
- water depths. ‘It is.because of ‘these barriers that the‘Oregon;beaches
can be described as pocket beaches of varying.size: -The' only net .
Tittoral drift.required within a pocket beach is the;sma11‘amount'-"
necessary ‘to redistribute’ the ‘beach sand‘away from its sources'to the: -
complete stretch ‘of ‘beach. : Previous studies. (for exampie,“Komar and
Rea,: 1976) have shown' ‘that 'sea c1iff erosion is the primary.source~of
beach sands ‘in most areas, the river sands being trapped within the
estuaries. . Therefore even'd net.drift requ1red for sand red1str1but1on
. w1th1n the ‘Oregon pocket: beaches will be very: sma11 o
Because there-is essent1a11y a zero net dr1ft of 11ttora1 sands
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on the Oregon coast:beaches, the erosion of Bayocean Spit following
jetty construction clearly is not another example such as the Santa
Barbara; California, breakwater, or the Port of Madras, India; where
the coastal erosion resulted’ from blockage of a 1arge net littoral
drift by Jetty construct1on ‘

SHORELINE CHANGES FOLLOWING CONSTRUCTION OF A NORTH JETTY.

“The principal ‘sources of 1nf0rmat1on on the shoreline.changes
utilized in this study are: .(1) surveys undertaken by the Corps of
Engineers, Portland Dtstrict, before and after jetty construction;

- (2) ‘aerial photographs: from a variety of sources;-(3) field studies of
0ld shorelines and other features that are still visible; and (4) the
.wr1ters surveys in. the case of the more recent construction of the
south jetty at Tillamook Bay In addition to the shoreline changes, once
erosion became apprec1ab1e on Bayocean Spit, the: Corps of Eng1neers,
Portland Ds1tr1ct monitored the rates of retreat of: the dune bluffs
and coasta1 property on the spit; this data has also been ut111zed
Since most. of -the shoreline changes and spit erosion occurred more than
. twenty-flve years ago, . we have had to rely pr1mar11y on_historic data
rather than on.our’ own measurements There is.of course a certain
amount of uncerta1nty in_doing this.

A north Jetty at the entrance to T111amook Bay was begun. in 1914
and comp]eted 1n 1917 For econom1c reasons, an accompany1ng south
Jetty was not constructed at that t1me The most apparent immediate
response’ to the north Jetty construction was a shoreline advance to
- the north of the. Jetty, documented in F1gure 2. The: bu11dout of the

shore]1ne there near]y kept pace with the Jetty extens1on As'in the
cases of Jetty construct1on elsewhere on-the Oregon .coast, and already
dlscussed in; th1s paper, this deposition adjacent to-the north jetty
occurred pr1mar11y 5o that the pocket formed between the jetty and the
pre- Jetty shore11ne wh1ch curved inward toward the bay entrance,
would be f111ed ‘ The shore11ne bu11t outward ‘only until it became parallel
.to the preva111ng wave crests, at wh1ch p01nt Tong - term changes ceased.
‘The overall pos1t1on of the»shore11ne has changed very little in the
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“F1gure 2: The: shore11ne advance north of the north Jetty at the
TilTamook Bay entrance after its.completion in 1917. The 1914
shore11ne g1ves atypical:pre-jetty 1ocat1on S

past forty-some years, - the on]y a]terat1ons be1ng due to part1a1 Jetty
degradation “and reconstruct1on in ‘the 1930's. S : ‘
The!'sand accumu]at1on north of the north Jetty amounted to some f,”
6,000,000 m? (8 % 10® yd®), " The second most apparent effect of the
north jetty construction was the resultwng eros1on of Bayocean Sp]t to
the 1mmed1ate south. “Based on th1s pattern of depos1t1on to.the north
“and eros1on to the south prev1ous stud1e$ qeneral]y conc]uded ‘that there
h -must be an apprec1ab]e souther]y net. 11ttora1 drift. Based on accumu]at1on
" rates north of the north Jetty, this 11ttora1 Jdriftiwas est1mated at :
600,000 m*/yr (800,000 yd /yr) by the Corps ‘of Eng1neers (1970) but
placed .at a;lower est1mate of 140, 000 ma/yr (180,000 yda/yr) by O Br1en
{1930).. We -have. already summar1zed the ev1dence that argues aga1nst such
a-het 11ttora1 dr1ft on"the Oregon coast. " In.the case of the Bayocean j"
Spit and T111¢mook Bay area; the pronounced head1and Cape” Meares ex1sts to .
the 1mmed1ate south (Figure 1). If such a large net dr1ft did” ex1st
‘th1s cape shou]d a]so b]ock the transport caus1ng a buildout of the v
beach there to the north; there is'no noticeable bu11dout the beach
in fact be1ng pr1nc1pa11y gravel and cobb]es, not sand as on the beach ‘
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1o the_north.fronting the spit, ‘and:the C]%ffs near Cape Meares are
uhdergoing extensive erosion. - As' already indicated, the deposition
north of the north*jétty’fo1lowing its construction can be better -
interpreted: as changes'resu]ting from Tocal rgarrangeménts of the:
" beach due- to the' disrupted ‘equilibrium caused by the jetty's presence
but at ‘the ‘same: time maintaining an overall condition. of zero net drift.
It is difficult to determine when‘hoticeab]e dune and. property
erosion began on the spit itself following construction of the north
jetty in 1914-17. 0'Brien (1930} indicated that theke3was considerable
erasion -at that time just to the north of Cape‘Meares:(F{gure 1)s off
~the spit.itself. He also mentioned, howéver, that:the spit itself had
suffered 1ittle change, "although the channel has moved northward against
thekjetty,‘probab1y due to the decreased sand pressure from the north."
This channel migration following jetty construction and the growth of
the shoal outside the bay:entrance will be documented later.. The sand
deposition at the bay entrance came from erosion of the beach along
the ‘length.of Bayocean Spit. .From 0'Brien's comment it would dppear
that there may have been some beach eroéion at that‘time‘but'the
erosion-had not yet-reachéd the dunes nor‘threatenéd‘any property -in
: Bayocean Park. N ‘ L i -
: 0'Brien (1930) also mentioned that the north jetty had weathered
““down éppreciably. For :this reason, the north jetty was reconstructed and
lengthened . in 1932-33; “After this reconstruction erosion on the spit
‘became very;apparent,‘ Even whilé reconstruction was in progress. erosion
began: to Undermine'the,SideWaIk‘fronting the natatorium of Bayocean.Park,
built close to the beach, and by‘1936 the structure's roof ‘had collapsed
(Figure 3). ‘Erosion of ‘the spit was progkessive, although some winters
were more:‘severe than others and ¢aused rapid dune and property retreat.
Fobuexamp1e,»during January-1939.a storm broke a small gap along the
““narrow southern end of ‘the spit, washing sand and gravel into the-bay.
" The natatorium was  finally completely destroyed by this storm (Figure 3).
- Maximum recession Of“fheztop‘df.the dune bluff was 7.5m (25 ft) with an
’avenagekre;ession of 2°m (7 ft). “In addition to the Toss.of the natator-
“ium, four houses were undermined and lost, nine were immediately .threatened,
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Figure 3: Progressive
erosion of.-the natator-::
~ium on Bayocean‘Sp1t.

and. six had. to be-moved back for safety. e : Nt
Washovers:of the ‘spit occurred during subsequent winter‘storms~C 
until on-13 November 1952 storm waves together with-high ‘tides entirely
breached ithe spit's narrowest southerh secti0h;vinitially removing a
1200 ‘m. (4000 ft) Tong seément of‘spit ' This breach progressively widened,’
becom1ng ‘hearly a mile wide at high t1de.‘ ‘The: breach: developed into the :
ratural opening ‘for the bay, ‘the northern ientrance with the jetty beg1n-'
ing to shoal’ard close (Figure 4571955 survey).. Waves~rolled‘through‘
~the breach producing :swells within ‘the bay, causing some erosion to farm-;

Tands on ‘the.bay's edge. - For this reason it ‘'was ‘decided to«cldse‘thej i8
breach,‘éo‘in:1956 work ‘was begun on a ubblemound dike; set:back within
the bay.  The construction of this dike ahd théidifficulfies in:closure .,
are discussed by Brown, et-al. (1958). It waslanticibated that the
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kilometers

Figuré 4: Progressive erosion to Bayocean Spit leading to its
breaching in 1952, necessitating the placement of a dike
closing the bredch. ‘
pocket: in the shoreline seaward of the dike would fill and re-establish
a sand-beach frpnting the dike, which it did as can be seen in the 1971
survey of Figure 4. ‘

SHOAL DEVELOPMENT AND . CHANNEL CHANGES AT THE BAY ENTRANCE

Although erosion occurred along most of the length of Bayocean
Spit following conStruction,of the north jetty, there was some deposition
to the immediate- south of the jetty (as well as’ to the ndrth, as already
seen). This]depositjon to the jetty's south at the bay entrance was in
the -form of a‘subsféntiq1‘growth to the outer bar or ebb-tide delta.
As will be discussed later, it is estimated that some 3.3 x 10° m?®
(4.3 % 10° yd*). of sand was ‘added to this shoal following jetty construction.
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Figure 5: Tillamook Bay entrance before‘(upper) and after (Tower) north

jetty construction in-1914-17.
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The changes in the shoal and bay entrance are 111ustrated by Figure.5;
_the upper survey showlng the ‘entrance prior to jetty construct1on and
- the lower being typical of the entrance after construction. It is seen

that there was-an increase in the. overall size of the outer bar shoal"
and. a reduction in: water depths. " Under moderate to high wave conditions,
this shoal became entirely covered by breaking waves and surf, making

‘v1t a hazard to boats using the entrance.

“Figure 5 also shows that the channel leading from the bay entrance
was pushed northward aga1nst the Jetty by ‘the' growth of the shoal. The

“channels at the entrances to the Umpqua: and Coquilie Rivers on the Oregon

coast s1m11ar1y migrated: until they became adjacent- to the single jetties
that were 1n1t1a11y built there (Komar et al., 1976; K1es11ch and Mason,
1976) Such a response to a s1ng1e jetty rather than a pair of jetties
has also been shown.to ‘occur on other coasts (K1esl1ch and Mason, 1976).
In-addition ‘to-the growth of the outer bar and migration of ‘the
main: channe] f0110w1ng construct1on of the north jetty at Tillamook Bay,
there werée changes in ‘the geometry of the channel outside the entrance.
This' is shown in“Figure 6 which.compares channel cross-sections before

~(June"1914) and after (June 1920) jetty construction. It is seen that
VLafter Jetty deve]opment the channel became much deeper and narrower than

existed prior to-construction. “These changes are .presumably the response
of the channel to the pressure from the south by the shoal growth. However
changed in’ depths and w1dths, the channels before and after jetty construc-
t1on did not differ significantly in cross=sectional areas. In addition,
the changes in geometry. did not extend inward along the channel into the
entrance itself. ' Figure.7 shows a number of channel cross- sect1ons
1mmed1ate1y north of the spit at the entrance's narrowest po1nt some
before and some after Jetty comp]et1on There -are no noticeable effects

* theredue: to- the add1t1on of the north jetty. Despite the changes in
‘channel geometry just outs1de the entrance and the growth of the shoal,

the entrance Jitself remained re]at1ve1y unchanged and bore the same

. re]at1onsh1p to the tidal prism within the bay according to 0' Br1en S

(1931 1939) re]at1onsh1p
A1though this study: undertook no f1e1d 1nvest1gat1ons of the

: currents and waves in the area of the entrance, the changes 1n "the channe]

pos1t1on and ‘geometry,: and the growth of the outer bar shoal can be
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F1gure 6: Deepening and narrow1ng of _the channe] fo110w1ng ‘

construction ‘of a north Jetty

understood in terms of the f1nd1ngs of " prev1ous stud1es of 1n1ets

’Procesées

in.-the v1c1n1ty of 1n1ets are comp]ex in‘that they are the combired resu]ts
of tidal-currents; wave action, and poss1b1e effects’of salinity and ~'

therma] strat1f1cat1on resu1t1ng ina net inward flow. at the bottom of

the channel;

The main ebb flow currents’ genera]]y act ‘to’ carry sand from

. the bay and nearshore areas to the ‘offshore where it 15 depos1ted in the =

form of a delta, sometimes called’ the “ebb-tide de1ta

Ifliocated‘on'a'

coast with a zero net 1ittoral dr1ft this ‘delta ‘would be’ symmetr1ca1 and

arcuate in shape.
asymmetry.

The ex1stence of a net littoral drift would produce an
A1though the main ebb flow' is-directed offshore, currents move

inward toward the entrance in the nearshore from ‘both ‘sides of the 1nlet
Two eddies or gyres may deve]op on flanks of ‘the main ebb channel’ ;
emanating ‘from the 'inlet; one gyre would be d c¢lockwise f]ow,~the other’
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TILLAMOOK BAY ENTRANCE
CHANNEL CROSS-SECTION

F1gure 737 Cross sect1ons of the T111am00k Bay entrance before and
after constructioniof the north jetty.

counter-clockwise; but both would produce currents.directed toward the inlet
on. their shoreWard sides. Lynch Blosse and. Kumar {1976) subscribe to such
gyres be1ng lmportant at 1n1ets, and discuss modifications where longshore
currents are superimposed due to a general ob11que wave approach to the
coast. kDean and Walton (1975) point out that the ebb current can be
viewed as a jet d1rected seaward, the high velocities in the central current
of the jet transferr1nq momentum outward and entraining adjacent waters,
giving rise to “the gyres described above.: As g result, during ebb fiow
“From the 1n1et there will be 1nward moving’ ‘currents close to the shore,

L transport1ng sand toward the inlet and a1d1ng the development of the

flank1ng outer bars ‘or shoa]s Dur1ng t1da1 f1ood flows the water converges
“toward the’ 1n1et from all sides, especially in flood channels ‘to the flank
of the. deeper ebb channel. - Thus. the flood currents also aid in the devel-
opment of flanking 'shoals. ‘ A

Wave act1on genera]ly acts to counter growth to the outer bar
of the 1n]et. It does_th1s by transport1ng sand back onshore to the beaches.
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For this reason, on coasts of high wave conditions (Tike Oregon):the outer
bars of inlets tend to be ‘smaller than'on‘coasts of small waveSx(Dean‘and
Walton, 1975; Walton and Adams, this volume).  However, wave refraction
over: the shoal can also aid in.the devé]opment of the outen bar, and some
studies have suggested that.this process may be more important than the
current gyres atready discussed (Hayes, at-al. 1971, Hubbard, this voiume).
‘Refraction of the waves: around - the outer bar .causes-a 1ongshore current
directed toward the 1n1et from both s1des, thus work1ng in concert: w1th ‘
any’ ebb t1de gyres ‘and f]ood tide. currents acting in the area With an .
soverall ob11que wave approach to the inlet-area, the 1ongshore current may.
be inward. toward the inlet on on]y the updr1ft s1de ‘

As ‘seen ,in.Figure 5 (upper) typ1ca1 flanking' outer bars ex1sted
at the T111amook Bay entrance pr1or to Jjetty construct1on . There was: a
seaward offset of the northern shoreline which is sometimes. taken to
indicate a net Tittoral drift (Hayes, et al., 19713 Lynch -Blosse and
Kuhar, 1976), but there'is no copsistency as to whether the shore11ne'
offset is-updrift or downdrift of- the inlet, ~The presence of an offset:
.at the Ti1%lamook Bay- 1nlet in an area of zero ret Tittoral, dr1ft casts
doubts on offset direction as an indicator of net drift. direction and.
on the theories of origin of the offset whlch re]y on. the presence of
a net 11ttora1 drift. :

The construct1on of the s1ngle north Jetty at the T111amook Bay
1nlet prov1ded add1t1ona1 protect1on from. the wave act1v1ty This _
protection would allow for further growth of the south f]ank1ng shoal
the north flank1ng shoa] becom1ng covered by the shore11ne advance to
thé north of the north Jetty ‘The growth of the south f]ank1ng shoa1 e
was presumab]y due to the cont1nuat1on of an eddy gyre in th1s reg1on
dur1ng ebb tide, and perhaps due’ to wave refract1on effects, both
described above, but W1th a decrease 1n the wave activity that had acted
-t reduce - the size of ‘the shoa] - This 1s part]y ver1f1ed by mode]
" studies conducted . at the Waterways Exper1ment Station on the Masonboro
Inlet, North Carolina, and reported in Deanand Wa1ton (1975 page. 137)
Like the Tillamook Bay. entrance,’ the Masonboro Inlet has on]y a: s1ng]e
Jjetty. The model ‘studies indicated that shoal growth resu]ted from. .

(a) the Jetty s shelter1ng of the shoa1 area, thereby creat1ng a sand
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trap, and (b). a. Targe eddy or gyre. carrying sand toward the inlet on
both ebb and flood: currents ‘

It is seen: that all factors affected by ‘the installation of a north
jetty at Tillamook Bay would-act to increase the growth of the.south’
flanking ‘shoals. The shoal growth pushed the channel northward aga1nst
the jetty, and.the pressure from the developing shoal also presumably
accounts for the narrowing and deepening of the channel.

INTERPRETATION OF  SHORELINE - CHANGES~AND THE BUDGET OF SEDIMENTS -

o As a]ready indicated, a c]oser inspection of the changes following
construction: of the north Jetty does not agree with the 1nterpretat1on of
a-large net littoral drift 1dent1f1ed by garlier studies {(Corps. of
Engineers, 1970) The overall pattern of erosion and depos1t1on is
illustrated schemat1ca11y in Figure 8, and it is seen that the pattern
is symmetr1ca1 Morth: and: south of the jetty, complicated by the fact that
only a single jetty was 1nsta1)ed. Although erosion occurred along most

Manhatten ‘Beach

Rockuwa)" Beach. L ‘ ‘ .
‘ : Figure 8: Patterns of :erosion and
i deposition following construction
’ - of a north jetty but prior to the

south jetty development.

- Ocean

=4

' Pacific '

‘erosion
deposition

Cape
Meares
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“of the Tength of Bayocean Spit, there was a net deposition just to the south
of the jetty in the form of growth to.the flanking. outer bar.: “ Following.~
Jetty construction, sand moved northward from most: of -the Tength of the
spit and accumulated in this shoal growth As. will -be shown shortly,:
the 1oss of sand from the spit erosion can be approx1mate1y ba]anced by:::
the amount. of sand deposited.on the shoal plus,that carried:into the. bay
during the 1952-56 breach. ‘ ; ‘

To' the north of the Jetty sand. accumu]ated and the shore11ne

" advanced (Figure 2). Deposition “there:probably derived its sand from

beach erosion further to the north, symmetr1ca1 with the northward

movement. of sand on the spit to the 1n1et Th1s overa11 pattern of
depos1t1on adJacent to jetties and eros1on at greater d1stances was

shown to occur at other Oregon coast Jetty systems (Komar et al. s 1976)

and ‘was rev1ewed earlier in this paper. Eros1on to Bayocean Spit was [_1‘

much greater than erosion to the north: of the Jetty at Manhatten Beach

and Rockaway Beach {Figure 8) because. of the. 1onger stretch of beach '

that extsts to the north Only a sma11 amount of sand had to be

eroded per unit Tength of shoreline to supply sand to the-accretion: area
immediately north ‘of . the jetty. - In contrast, Bayocean Sp1t is only:a

sma11 segment between the jetty and Cape Meares on the south (Figure 8)

$0 that a larger amount of sand had ‘to ‘be supp11ed by each unit length

of *spit shoreline erosion to support the shoal growth next to- .the 1n1et
e have attempted to put sediment volumes on the patterns of
erosion and deposition illustrated in Figure 8 by the development of

a budget of sediments. This budget is for changes fo110w1ng the

completion of ‘the north jetty in 1917 but before the construction of

the south jetty in 1969 Our estlmates are given in Figuire 9. Depo-~

sition ‘to the north of the jetty amounted to 'some 6 x 10s m?, which h

agrees with previous est1mates of the “fi11. (Corps of‘Eng1neers, 1970),‘

As already indicated, this sand deposition came from:beach erosion further. - . f

to the north; that erosion value is given in Figure»é in parentheses B
because we have no actual measure of the erosion other than;the supposi=
tion that it will balance the deposition north of the jetty. - 0f course .
any transfers of sand around the jetty during or after,construction'woqu
alter this exact balance} unfortunately we have no-way to evaluate ‘such a
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Figure 9: Budget of sediments for
areas of erosion and deposition
following: construction of the
north jetty at Tillamook Bay.
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*deposition 7
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; : deposition
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L 15 105m?

transfer around the’ north Jetty, but believe it to be small, espec1a1]y

in compar1son with the volume of sand deposited to the north of the

jetty. This belief is in part supported by_the continued: existence of
a'shoreline offset north and south of the jétties, even after construction
of a south Jetty This sUggests'fhat the jetties are anveffeétive

barr1er 0 1ongshore movemenits of ‘sand on the beaches, otherwise sand
would presumab]y ‘transfer from the north to the south beach unt11 they
have ‘equal offshore extents.

We est1mate that the flank1ng outer shoal to the south of the
jetty 1ncreased 1n volume by 3. 3% 10E m? following Jetty construction.
This est1mate is based on comparisons..of bathymetr1c surveys such ‘as
those of F1gure 5, before and- after jetty comp]et1on. Qur estimate
shows reasonable agkeeméht with the results of Walton and Adams (this
volume). They place the total volume of the outer bar of Tillamook Bay
at 15 x 10% m®, so the measured growth volume is small in comparison.
.0f special interest‘is that Walton and Adams show that outer bars on
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coasts with small wave energy are some 23% larger than bars on coasts
‘With 1arge wave energ1es If we reason that -the ‘growth of ‘the Ti]lahook
inlet-outer: bar is ‘due to -the:additional protection offered by the jetty
from wave attack, “and employ their 23% resulting growth factor, one
obtains a volume-increase of:3.5 % 10° 'm?, almost exactly the same as
our measured increase (3.3 x 10° m®). . '

Erosion of Bayocean Sp1t and the area to its, 1mmed1ate south up.:
to Cape Meares amounted to some 5.7 x 10 m® (F1gure 9)., This estimate
is -based on measured‘beach and dune bluff retreats and heights of the ‘
dune b]uffs and sea cliffs. . -

The ‘other large transfer of sand in the area was 1nto the bay ’
when the spit breached in 1952 and remained ‘open until 1956. . This vo]ume
of ‘deposition and 1oss from the seaward s1de of the spit'is est1mated at
1.5 %, 10% m3, and .is based on the volume of sp1t removed by, the breachlng
process (which gives a minimum transfer) and shoaling va1ues within that :
oortion of .the bay. This estimated volume is cons1dered to be much poorer'
than -our est1mates of spit erosion or depos1t1on near the Jetty
' There is also the possibility of some depos1t1on on -the inner:
shoal (f]ood tide delta), within the bay at the Jett1ed entrance «The? :
surveys of the entrance area, before and after Jetty construct1on, suggest
- that deposition within the bay in this area was:small, but we cou]d not ‘
make satisfactory measurements from the ava11ab1e data. L ‘

Altogether there. is a reasonab]e account1ng for the transfer of
sand from erosion areas to depos1t1on areas.in the reg1on of Bayocean Sp1t”
and Tillamook Bay fo]low1ng construct1on of the north jetty. . The'shoal
growth and sand enter1ng the bay through the breach together account for k“
4.8 x 10° m? of depos1t1on ‘This is close to the 5 7. %108 m ‘of
estimated er051on from -the sp1t Cons1der1ng the 1naccurac1es of these
estimates, the results demonstrate that the patterns of erosion and
deposition can be accounted for by 10ca1 rearrangements of nearshore
sands following construct1on of the. north Jetty, w1thout blockage of .
an apprec1ab1e net littoral drift" by the Jetty
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CONSTRUCT.ION. -OF - THE SOUTH JETTY

“'The hazardous, channel conditions which developed: due to the growth
of the outer bar following construction of the north:jetty prompted renewed
considerdtibns for construction of a south jetty. Construction of a south

“jetty was begun in April 1969 and comp]eted in 1974 with a total length
of 2000 m’ (6500 ft) :

Even as the south Jetty was being constructed, sand accumu]ated
fbetween it and the curved pre jetty shore11ne causing ‘a shoreline advance
to the south. This accumulation continued until the shoreline became )
straight anddpara1]e1 to the prevailing wave crests, the same as des-
“rcribed earlier'for other'jetty systems on the Oregon coast as well as
. for the earlier construction of the north jetty. This providés further
proof for‘a zero orknear-zero net 1ittoral drift in the.area.

‘SUMMARY OF CONCLUSIONS

(1) With the except1on of the section of coast near the Columbia
River, the Oregon coast is a:‘series of pocket beaches separated by pro-
nounced rocky headlands. ~There is & zero or near-zero net littoral drift
‘within_thesé pockéts;,fShore1inekchanges due to jetty construction are
therefore not due to blockage of a net drift.

(2) 'Following completion of a single north jetty in 1917 at the
Tillamook Bay entrance, the shoreline built outward to the immediate
north. _This‘accretion\octurred‘to i1l the embaymént created between the
Jetty and>thé‘pre ~jetty shoréline which curved inward toward the bay
entrance. Depos1t1on cont1nued until the. shorel ine:. became stra1ght and-
parallel to the preva111ng wave crests, at which time a new equilibrium
-was achieved with a zero-net Tittoral drift.

(3) Bayocean Spit-to the south of the Tillamook Bay entrance
‘suffered:sévére erosion fo]]dwing construction of-the north jetty, cul-
minating in its breaching in 1952. Initially, sand eroded from the spit
moved northward and was depos1ted at the entrance -in-the. form of growth -
to the outer bar (ebb-tide-delta). Later when the spit breached, consid-
erable quantities of: littoral sediments were also:carried into the bay.

(4) Growth of the outer inlet .bar ‘or shoal following construction
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of a north jetty can be understood in terms of wave and current‘processesl
acting at dinlets. .The single jetty offered increased.protection from the
~waves and perhaps augmented. flanking currents fTowing inward toward the:inlet,

(5) Considerable coastal eros1on can resu]t frOm Jjetty .construction
even 1n coastal areas that are not experiencing a s1zeable net Tittoral “.
drift; ‘blockage of a net drift by jetty construction.is not a necessary
prerequisite for erosion.
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